The present study was conducted to determine the variation in the content of hyperforin, hypericin and pseudohypericin in Hypericum triquetrifolium Turra growing wild in four locations of Turkey. The aerial parts, representing a total of 30 individuals, were collected at full flowering and dissected into floral, leaf and stem tissues. After drying at room temperature, the plant materials were assayed for their chemical contents by HPLC. The populations varied significantly in chemical contents. Hyperforin content ranged from 0.05 to 0.56 mg/g, hypericin from 0.74-1.98 mg/g, and pseudohypericin from 0.72-2.26 mg/g, dry weight. Among the different plant parts, the flowers were found to be the principle organ for hyperforin accumulation, while hypericin and pseudohypericin were accumulated mainly in leaves. Such kinds of data could be useful for optimizing the processing methodology of wild-harvested plant material and phytochemical evaluation of H. triquetrifolium.
Hyperforin, hypericin and pseudohypericin are the active markers of Hypericum extract, which is available over the counter for treatment of several diseases [8] . Results from recent studies have indicated hyperforin as the main constituent responsible for the antidepressant effects of Hypericum extracts [9] . The extracts also exhibit antiinflammatory [10] , antitumor [11] and antiangiogenic [12] effects. The naturally occurring red pigments hypericin and pseudohypericin have been reported to possess important biological activities, namely photodynamic, antiviral, antiretroviral, antibacterial, antipsoriatic, antidepressant and antitumoral activities [13] .
Variations in the levels of bioactive secondary metabolites in populations of Hypericum plants have an important impact on the pharmacological activity of tested extracts [14] . Hence, investigations of population variability in the content of secondary metabolites from different species of Hypericum have been made over several decades [15] [16] [17] [18] [19] [20] . H. triquetrifolium was reported to contain hyperforin [6, 7] , hypericin and pseudohypericin [21] . However, no study has been reported on the chemical variability among populations. In the present study, we report our phytochemical investigations of four wild populations of H. triquetrifolium from northern Turkey. Figure 1a ). On the contrary, leaves were found to be superior to flowers in hypericin and pseudohypericin accumulation from all sites. Besides, lower levels of hypericin and pseudohypericin were detected in stems of plants from the Sahinler, Tasova and Niksar populations (Figure 1b and c).
NPC Natural Product Communications
The populations of H. triquetrifolium examined in the present study were located in different parts of northern Turkey and the growing sites of these populations differed from each other by climatic and geographical factors ( Table 2 ). The chemical variability of populations in the content of evaluated constituents may be attributed to the different environmental growing conditions. However, the present findings also indicate a significant genetic difference/similarity among the populations. For content example, Sahinler and Niksar populations are separated by a distance of 170 km and have substantially different environments (for example, mean temperature, precipitation, elevation). Hence, they should represent distinct populations of H. triquetrifolium. However, both populations produced similar amount of hypericin. On the contrary, although Sahinler and Tasova populations are separated by only 10 km and have very similar environmental conditions, an 11.2 fold difference was detected between the populations in hyperforin.
Secretory structures of Hypericum plants, light glands, dark glands and secretory canals, are sites of synthesis and/or accumulation of biologically active substances [22] . For example, there is marked evidence and general agreement about localization of hypericins in the dark glands and the occurrence of dark glands in an organ is regarded as an accurate index of the presence of hypericins [23] . The 
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Variation [26] were reported as the main storage organs for hyperforin accumulation. On the contrary, leaves were found to be superior to flowers in the accumulation of both hypericin forms [27] . However, it should be noted that floral parts of some other species of Hypericum, such as H. perforatum [17] , H. maculatum Crantz [28] , H. pruinatum Boiss. and Bal. [19] , H. lydium Boiss. [29] and H. scabrum L. [30] were reported to have the highest quantities of hypericin among the different plant tissues.
Results from the present study indicate that H. triquetrifolium accumulates a lower concentration of hyperforin, a comparable concentration of hypericin, and a higher concentration of pseudohypericin in comparison with H. perforatum, a well known and commercial source of the compounds examined (Table 3) . [20] , [33] *The values are the lowest and highest level of the corresponding compounds in whole shoots of plants from different populations.
Considering the pharmacological significance of hyperforin, as well as hypericins, and their possible use in therapeutics, it is important to find new sources of these natural compounds and to ascertain the factors responsible for inducing high phytomedicinal levels of wild and cultivated Hypericum plants.
Results of the present study indicate a significant variation in the content of bioactive substances of H. triquetrifolium in Turkish populations. Regional distribution of this medicinal plant may be an important source of chemical variability and should be considered while optimizing the processing methodology of wild-harvested plant material. Such kinds of data could also be useful in identifying inter-and intra-populational chemoraces of H. triquetrifolium and the phytochemical evaluation of this medicinal plant.
Experimental
Plant material: The plant material was described in our previous studies [33] . The species was identified by Dr Hasan Korkmaz, Faculty of Science and Art, Department of Biology, University of Ondokuz Mayis, Samsun-Turkey.
Experimental procedures:
The aerial parts of H. triquetrifolium, representing a total of 30 individuals, were collected at the full flowering stage from four populations in northern Turkey ( Table 2 ). The top of 2/3 plants was harvested between 11:00 am and 13:00 pm. Conditions on the day of collection were clear and sunny at all sites. Temperatures ranged from 24 to 35°C. After collection, 10 shoots were kept as whole plants and the rest were dissected into floral, leaf and stem tissues. The plant materials were dried at room temperature (20 ± 2°C), and subsequently assayed for chemical contents by HPLC.
Preparation of plant extracts: Samples of 0.5-1.0 g air-dried plant material, with a moisture content of 10.0 %, were mechanically ground with a laboratory mill to obtain a homogenous powder and extracted with 96% EtOH (50 mL) for 72 h, at room temperature. The prepared extracts were kept in the dark in a refrigerator until used. Before HPLC separation, extracts were filtered through a membrane filter with a pore size of 0.22 µm (Carl Roth GmbH, Karlsruhe, Germany). Hypericin and pseudohypericin were analyzed according to a modified HPLC method [34] . The elution program was isocratic. The mobile phase consisted of ethyl acetate (15.6 g/L), a solution of sodium dihydrogen phosphate, and methanol (39:41:160). The flow rate was 1.0 mL/min, the injection volume 10 μL, and the column temperature 20 o C. Elution was monitored at 590 nm and the obtained data were compared with standard samples. The quantity of compounds were calculated from an external standard calibration in the concentration range of 0.5-100.0 µg/mL (r 2 = 0.997). Each sample was analyzed twice and the mean value was used for calculation.
All solvents and standards of reference substances were of HPLC grade and purchased from Roth Chemical Company (Karlsruhe, Germany).
Data analysis: Data for hyperforin, hypericin and pseudohypericin contents of plant material, including whole plant, stem, leaf and flower were subjected to ANOVA and significant differences among the mean values were tested with the Duncan Multiple Range Test (P<0.01) by using MSTAT statistical software. Mean values of the chemical contents were normalized using x'= 1 + x transformation before conducting ANOVA, when necessary, because some chemicals were not detected in several cases.
